mind has the awesome ability to imagine such a movement without actually performing it by muscular activity. Imagining movements without actually doing them is called "motor imagery" [1] .
Scientists have discovered that motor imagery is important for learning motor skills, such as serving the ball in tennis, perfecting a pirouette in ballet, or even relearning to pick up a glass of water after a brain injury [1, 2] . But how can the simple process of imagining movements improve motor skills? The answer lies in the brain, which is responsible for planning, coordinating, and performing movements.
HOW THE BRAIN CONTROLS MOVEMENTS
Specific areas in the brain are responsible for planning, controlling, and performing movements ( Figure 1 ). The premotor cortex ( Figure 1 , green part of the brain) is involved in preparation and planning of movements, but it also has a role in controlling movements. The supplementary motor area or SMA ( Figure 1 , yellow part of the brain) plans single movements and sequences of movements and coordinates the left and right sides of the body. The primary motor cortex (Figure 1 , blue part of the brain) gives the commands to the muscles to perform movements. Different parts of the primary motor cortex control different muscles. For instance, the muscles of the feet are controlled by the upper parts of the primary motor cortex near the top of the head, while facial muscles are controlled by the lower parts of the primary motor cortex, next to the ear (Figure 1 ). Generally, "simple" movements, such as picking up a glass, happen in a relatively automatic and unconscious way, meaning that you do not have to concentrate or focus very much to perform simple movements. But, even for something as simple as picking up a glass, complex mechanisms
MOTOR IMAGERY
Imagining movements without actually doing them.
MOTOR SKILL
Learning how to coordinate muscles to control and perform specific movements such as walking, picking up a glass, playing tennis, or skiing.
BRAIN INJURY
The brain can be damaged for instance by bumping the head and getting a concussion, or when there is a glitch in the blood supply to the brain (which is also called a stroke).
MOTOR CORTEX
Specific areas in the brain responsible for planning, controlling, and performing movements. 
FIGURE 1
Brain areas involved in movement control. The premotor cortex and the supplementary motor area are primarily involved in planning and coordinating movements. The primary motor cortex sends commands to the muscles to perform movements. Different parts of the primary motor cortex control different muscles of the body, as indicated by the words in yellow.
and interactions in the brain are necessary to successfully perform the grasping movement, which activates a large network in the brain. This brain network also includes brain areas other than the ones mentioned above, which we will not described in detail here [3] .
If you want to move your hand to serve in tennis, the premotor and supplementary motor areas plan the movement first. Then, the hand area of the primary motor cortex becomes active. It receives input from the other brain areas that have planned and prepared the movement. Finally, the hand area of the primary motor cortex sends commands to your hand muscles via the nerves, telling your hand to stretch and bend. But the hand area in the primary motor cortex is not only active when it is sending actual movement commands to the muscles, it also becomes active when imagining a hand movement, even if the muscles aren't actually moving. To stop the body from actually performing the hand movements during motor imagery, other brain areas can prevent the motor commands from being sent to the muscles [1] . There are many studies showing that during both performance and imagination of specific movements, the primary motor cortex is activated in much the same way [2] . This is the basic reason why we can use motor imagery to improve motor functions.
HOW MOTOR IMAGERY IS USED TO IMPROVE MOTOR SKILLS
When learning a new movement or motor skill, for example, skiing, you practice the basic skiing posture by bending your knees and leaning forward slightly. Then, you learn how to stop by twisting your feet and pointing the tops of your skis together. To turn, you have to point your feet and your skis in the direction you want to travel. While practicing these skiing movements, your primary motor cortex is active (Figure 2 , left picture). Repeating these movements not only strengthens the muscles in your legs and feet, it also strengthens the connections in your brain that are important for mastering these specific movements [4] . Improving the connections between the brain cells in the primary motor cortex leads to better planning and controlling of the movements and to better performance of the movements.
As we said above, imagining movements activates the primary motor cortex in a similar way as actual performance of the movements (Figure 2) . So, if you imagine how it feels to bend your knees and to move your feet in a specific direction during skiing, the same brain areas are activated as during real skiing (Figure 2 , right picture). And this activation of the primary motor cortex during motor imagery also strengthens the connections in your brain, making it easier to plan, control, and carry out the skiing movements-the same way that these functions are strengthened if you actually perform the movements over and over. This is why you can improve motor skills by motor imagery [2] .
USING MOTOR IMAGERY TO RECOVER MOVEMENTS AFTER BRAIN INJURY
When areas of the motor cortex are damaged, e.g., by bumping your head and getting a concussion, or when there is a glitch in the blood supply to the brain (which is also called a stroke [4] ), motor functions might be damaged. For instance, injury to the hand area of the primary motor cortex can lead to paralysis of the hand, meaning that the primary motor cortex can no longer send effective movement commands to the muscles of the hand. In this case, patients with this kind of brain injury go to physiotherapy to learn how to actively move their paralyzed hand. Sometimes, this therapy involves letting the paralyzed hand be moved by a machine. Performing these hand movements, whether done by the patient or by the machine, activates the primary motor cortex and new brain connections develop. These new connections help the primary motor cortex to successfully send movement commands to the muscles of the hand again. After weeks or months of movement training, hand function normally improves or even completely recovers, due to this physical training.
Motor imagery can also be used to improve motor functions after a brain injury. Most brain injury patients who have a paralyzed hand still remember what it felt like to make specific hand movements. This is great, because they can use this ability to imagine those hand movements and activate the primary motor cortex. In the same way that actually performing hand movements during physiotherapy helps to build connections in the brain, imagining hand movements can build new brain connections, too, which also helps to improve hand function [2] .
Most of the studies that have been done used motor imagery to improve hand and foot movements after brain injury [2] . Recent studies performed by our research group show that motor imagery can also be used with swallowing movements, to restore swallowing functions in stroke patients [5, 6] . Patients with brain injuries often show difficulties in swallowing, which is called PARALYSIS Loss of muscle function for one or more muscles so that you cannot move these muscles any more. 
FIGURE 2
Performing a movement such as skiing (left picture) activates the primary motor cortex (red circle marked in the brain) in a similar way as imagery of the movement (right picture).
dysphagia. So, patients with dysphagia have a hard time when trying to eat or drink, because at any time, the food and drink can go down the wrong pipe and make them choke. We have only one throat, but we have two pipes in there: the esophagus, to transport what we eat and drink to the stomach, and the windpipe, which goes to the lungs, for breathing. People with dysphagia often choke because the food and liquids go down their windpipe and not their esophagus. The swallowing muscles generally control whether the food or liquids go into the esophagus or into the windpipe. These muscles are not working properly in dysphagia patients, and, in addition to choking, dysphagia can lead to malnutrition and a bad state of health. Just like with hand and foot movements, you can also train your swallowing muscles by motor imagery of swallowing movements [5, 6] .
CAN I REPLACE MY SPORTS CLASSES WITH MOTOR IMAGERY?

